The minimum necessary current intensity for the spike increases as the duration decreases. The relation between them will give a classical strength-duration curve under the present experimental conditions and it is shown in fig. 2 A. One of the most remarkable properties indicated by fig. 1 is that the critical depolarization is constant for all pulse durations. The critical depolarization for the spike is defined as the maximum value of the depolarization which does not produce a spike or the minimum valus of depolarization which grows up to a spike.
As has been demonstrated by many authors (7, 17 ) the resting axon membrane is electrically equivalent to a leaky condenser.
Since in the present experiment a long length of axon around the recording electrodes is in a space clamp, the depolarization (V) is related to the current intensity (I) by the following equation when the electrical constants are not changed by the application of the current :
Here C is the capacity of the membrane in a space clamp and R is the resistance of the same membrane.
The current flowing through the unclamped membrane at the end of the longitudianl electrode is neglected.
The equation (1) pulse of 4 msec. does not show much difference from that of 2 msec., when the current intensity is small. However for the stronger current the potential shows a more rapid increase than expected from the straight line relation which indicates that some of the membrane properties change at this period. The change occurs in such a direction as to cause more depolarization per unit current.
This change can be called a subthreshold potential change or a local potential (3, 18) .
When the duration of the current is more than 5 msec. the voltage current curve deviates in a downward direction from the straight line instead of upwards.
At this period the membrane properties are also different from those of the resting membrane, but the direction of the change is a tendency to decrease the voltage change per unit current.
This latter phenomenon corresponds to the delayed rectification of Cole (4) and Hodgkin et al. (14) . The critical condition for a current longer than about 5 msec. is determined by the height of the depolarization at 5 msec. after the start of current therefore, any prolongation of current duration above 5 msec. does not effect the threshold intensity at all.
This means that rheobasic current intensity is given simply by the threshold current of about 5 msec. at the present experimental conditions. Above all the important fact is that the critical depolarization for the constant pulse is constant and is independent of whether it is reached by purely physical depolarization or by the subthreshold potential change.
Potential change following the suddenly caused depolarization When the depolarization is caused by a short constant current pulse, the potential change during the passage of the current is linear with the intensity of the current up to the threshold intensity. However, the potential change after the termination of current does not show such a linear relation with the applied current even when the duration of the current is short ( fig. 1 C, D) . When the change is small, the membrane potential returns to the resting level with the time constant of the resting membrane.
Raising the changed level close to the critical depolarization causes an additional depolarization in the falling phase beside that expected from the resting membrane time constant and this makes the rate of potential fall slower.
A further approach of the changed level to the critical depolarization makes this phenomenon more marked and finally at the critical level the membrane potential is often left in a balance for a long time.
On the other hand a potential change a little higher than the critical depolarization always grows up to a spike. At larger differences from the critical level the rate of potential rise after the cessation of the current increases and this makes the latency of the spike shorter.
These results mean that the critical depolarization is a certain value of depolarization at which dV/dt changes its sign in the following phase when the membrane potential is shifted within a short time.
The shift to the critical level is followed by a period of dV/dt=0 and this corresponds to the balanced potential which is shown in fig. 4 A and B .
When a small inward current pulse is applied on the plateau period of the balanced potential, not only does it reduce the depolarization but it also abolishes the further course of the plateau as shown in fig. 4 A. A similar pulse of an outward direction causes a small increase of the depolarization and in this case it makes the balanced potential proceed to a spike ( fig. 4 B) .
These results indicate that the potential level of the critical depolarization represents an unstable equilibrium while the level of resting potential and that of the action potential represent stable equilibria.
Stimulation by linearly increasing current When a linearly increasing current is passed through the axon membrane, the depolarization ( V) is related to the rate of rise (a) of the current by the following equation, if the electric constants do not change during the passage of the current. The relation between the rate of current rise and the minimum necessary duration for the spike will be given by the equation (5) intensities were applied to an axon which responded repetitively.
When the intensity of the current is below a certain value (10 it does not produce the second spike. After the positive after potential of the first spike, the depolarization first increases and this is followed by a decrease of depolarization.
In other words the depolarization begins to decrease before it reaches a critical depolarization for the second spike. Such a decrease is associated with a decreased membrane resistance which implies a development of the rectification. The mechanism is similar to that mentioned in the explanation of the early phase of accommodation by linearly increasing currents. A current of an intensity greater than I1 causes a depolarization sufficient to produce the second-spike.
Increase of the current intensity increases the rate of development of depolarization, so that the interval between the first and second spikes becomes smaller.
However, a current of intensity too great ( > I2) fails to produce the second spike as shown in G and H of the same figure.
Since by such a current the depolarization can reach a considerably high value, the main factor for this failure does not seem to be the development of rectification.
Presumably this is because the rate of change of the critical depolarization.
This mechanism is similar to that considered in the case of the late phase of accommodation by linearly increasing currents. The current which is threshold for two spikes (10 determine the longest possible interval between the first and second spikes, while 12 limits the shortest one. These two intensities show a considerable dependence upon the condition of the axon.
In most cases these two values become very close or coincedent and in the latter case a constant current of any intensity does not, cause a second spike.
In fig. 8 curves show the relation between the intensity of the current (in the X-axis) and the height of the depolarization measured 2.4, 2. shoot is much smaller than the resting membrane resistance and this change of resistance recovers to the resting value with a time course which is comparable with the resting membrane time constant.
Therefore, the differences of slope among these curves are partly due to the differences of the membrane resistance, while in the case of the first spike mentioned in the first section it is exclusively due to the presence of the membrane capacity with an unchanged membrane resistance at least for a short current pulse.
Further decrease of the interval bellow a certain limit (about 3 msec.), the height of the depolarization reaches quasi-final value with increase of the current intensity and thereafter it increases with a very small slope with the increase of current. The threshold condition is not obtained at these intervals even though the height of depolarization can reach the value which is sufficient to produce the second spike at longer interval.
This limit of the interval corresponds to the possible shortest interval between the first and second spikes. 
DISCUSSION
The equation (2) for the strength-duration relation is mathematically similar to that derived by Blair (2) , though the physical meanings are different.
A good agreement is obtained between the observed value and the value calculated by the equation for the constant current pulse of a short duration.
In other words the threshold conditions for a short pulse are simply determined by the physical condition of the resting membrane and there is little sign of the development of local potential during the passage of these currents. Previously Bullock (3) found that in the synaptic region of the squid axon there is a marked nonlinear increase of the voltage change with an outward current even when the current duration is very short.
But this does not conflict with the present result because in his case the potential is recorded some distance away from the stimulating electrode while in the present case the recorded and the stimulated membrane are the same. The effective space constant for potential spread along the axon due to alternately changing voltage decreases with the increase of the frequency. This indicates that a slow fall or longer duration of depolarization at the stimulated region will cause an electrotonic potential of a larger amplitude at a region some distance away even when the peak voltage of the original depolarization is the same. Such changes of the falling phase do occur at the stimulated region even when the stimulating pulse is very short.
For a longer current pulse the observed value deviates from the calculated value because of the contribution of the subthreshold potential change as well as the delayed rectification.
To describe these phenomena we have to introduce some other parameters like those introduced by Hodgkin and Huxley (14) .
One of the important facts is the constancy of the critical depolarization for the spike produced by a constant current pulse.
We will call this the resting critical depolarization.
It is the same whether it is reaches by a pure electrotonic potential or by a subthreshold potential. Such a constancy has been observed in various other tissues, such as in skeletal muscle fibers (11, 13) , in the mammalian motoneurons (1, 8) in crustacean stretch receptor cells (10) and medullated nerve fiber (21) .
A similar constancy is obtained from the calculation of the Hodgkin and Huxley equation (6) .
Failure of a linearly increasing current of a small rate of rise to produce a spike is due to two apparently different mechanisms.
The one is a delayed rectification and the other is the increased critical depolarization.
However the critical condition for the minimal gradient is determined mainly by the delayed rectification.
There are some reports in which the phenomena which occur instead of classical accommodation, when a single medullated nerve fiber is stimulated by slowly rising current are described in terms of sodium inactivation rather than delayed rectification (9, 11) . In the present experiment inactivation does not seem to be as important as delayed rectification. The two factors, delayed rectification and increase of the critical depolarization determine the longest and the shortest possible interval between the first and the second spike produced by a direct current.
The increase of critical depolarization is thought to be closely related to inactivation which has been taken as a parameter in the equations proposed by Hodgkin and Huxley (14) .
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We are indebted to Dr. S. Takagi for his collaboration in some part of this work. (3) Shifting the membrane potential to various levels with short current pulses it is concluded that the critical depolarization is a certain potential level at which the dV/dt immediately following changes its sign and is often followed by a plateau potential which represents an unstable equilibrium potential level. (4) The minimal gradient for stimulation with a linearly increasing current is mainly determined by delayed rectification of the membrane while the late phase of accommodation is due to the increase of the critical depolarization. (5) There are two certain current intensities for producing two spikes with a constant current.
The one limits the longest interval between them and the other limits the shortest one.
Delayed rectification is mainly concerned with the existence of the former and the increase of critical depolarization contributes to the latter.
